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A. GETAWAY SPECIAL (GAS) PROGRAM

The Space Shuttle transportation system further opens
the frontier of space for educational, scientific, and in-
dustrial purposes. This is the result of a relatively low
cost space vehicle and its variable payload. In 1976 NASA
responded to the needs of the scientific, educational and
industrial community, and established the Get Away Special
(GAS) program. Under this program, free space in the shut-
tle’s cargo bay, following the scheduling of primary pay-
loads, is assigned to self-contained GAS experiments, thus
increasing the number of government and civilian experiments
possible. Hopefully, the knowledge gained will be applica-

ble to future GAS projects.

B. WHAT PROMPTED SPACE PROJECT

On early missions, Space Shuttle cargo bay experiments
were plagued by minor crystalline and circuit board break-
age. The causes of this damage were not positively identi-
fied and were attributed to factors ranging from low
frequency structural resonance in the cargo bay to out-
gassing through cargo bay vents during launch. In an at-
tempt to further isolate the causes of this breakage, the

GAS experiment, which this controller supports, will collect

11
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. acoustic data near a suspect vent during launch. In order

to establish a baseline for later analysis, a sound signa-

ture of the shuttle bay will be taken prior to launch. The
X controller will insure that these measurements and other

events are performed in the correct sequence.

v C. GENERAL REQUIREMENTS OF GAS EXPERIMENT
The GAS general requirements, as described in the Get

Away Special (GAS) _Small Self-Contajned Payloads

1

xperimenteyr_Handbook [Ref. 2] will be expanded upon in the

following discussion. The requirements concern the three
functional areas: self containment, safety, and shuttle

environment.

GAS experiments must deliver their own power within the

o enclosure provided. This self containment necessitates some R
- L4 .h..‘- -'-
L LA o,

1 type of internal power distribution and a minimum ot power ’ ST
3 R
d consumption. All system control during the lifetime of the A

experiment is also provided inside the GAS container. Ex-

v
e

periment initiation is the only exception. Any data re-

trieval and storage must be done within the container.
All components utilized in the experiment must be of
safe construction and not pose any risk of damaging the

.. shuttle or any other experiment. The controller can actual-

3 ly improve experiment safety by identifying possible elec-

.. trical faults and isolating thenm. el

12
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An understanding of the shuttle eanviroament ls necessary
to ensure proper system component utilization and construc-
tion. The environmental effects during launch and return
can be grouped into four general areas: acoustics, randonm
vibration, acceleration and temperature. As reported in the
Experimenter’s_Handbogok, the primary environmental effects
to be considered are random vibration and acceleration.
These launch and return conditions are presented in Figure
1. Thermal considerations are of lesser importance, due to
enclosure insulation and the short duration of the experi-
ment, but are worthy of mention. Temperature can have an
effect if component tolerances are excessively temperature
dependent. One heat source to consider is the shuttle bay
environment while the experiment is waiting for launc¢h and
during the flight. Another heat source is the temperature
due to controller system power dissipation., The system’s

primary CMOS construction renders this less important.

D. UNIQUE REQUIREMENTS ASSOCIATED WITH EXPERIMENT

First and foremost is the requirement of self suffi-
ciency. The controller’s central processor must have the
capacity to control all aspects of system operation. As was
mentioned in the previous chapter, the power requirements of
the experiment must be contained within the enclosure pro-
vided. With a limited amount of room to hold overall systenm

power, a number of unique approaches must be incorporated.

13
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The most obvious power saving technigque 1s the use of CMOS
devices wherever possible., Therefore, the microprocessor
used for the controller and its supporting components should
be of CMOS type. Next, by reducing the clock frequency, the
power dissipated in the system will be reduced propor-
tionally. The use of power~down features can also signifi-
cantly reduce system power consumption. With the inclusion
of a power-down operation, a real time reference is required
to ensure that the system is powered up at the right moment.

The need for multiple unit control is apparent in the
GAS experiment. With all system controls internal, the jobs
of experiment initiation, system status and record Keeping
fall on the microprocessor and its supporting components. A
real time clock is necessary to turn devicés on and off at
specific instances, and to control the duration of the ex-
periment. Multiple unit control also means multiple paths
to and from various components. These multiple paths equate
to an extended number of input and ocutput ports on the con-
troller microprocessor system. An analog-to-digital inter-
face must be available to monitor system functions such as
temperature and bus voltage. The number of sensors moni-
tored determine the number of channels utilized.

Finally the question of reliability must be looked at.
With the experiment controlled completely within the GAS
canister, some degree of feedback is required to insure that

the system is operating properly. For instance, when an

15
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Controller operation is based on the National
Semiconductor’s NSC800 family. The NSC800’s block diagram
is provided in Figure 2. The following discussion is a sum-
mary of the features that made this selection attractive.
More detailed information on the NSC800’s operation is found
in the associated data sheet [Ref. 3]. The first advantage
in using this microprocessor is its CMOS construction. As
previously mentioned, the environment in which the con-
troller will be operating necessitates low power usage. An-
other feature that makes the NSC800 a viable microprocessor
for the controller is the Z~80 instruction set it supports.
The lab environment available during the initial phases ot
the space project also support Z2-80 and 8080 development.
The natural question to ask is, “Why not simply use a Zilog
2-80 chip?" The CMOS version of the Zilog Z2-80 chip was not
available during the initial design phase of the project.
Like the Intel 8085, the National NSC8Q0 microprocessor also
has the ability to multiplex the address/data bus. Although
the NSC800 is an 8-bit processor, an effective 16-bit
address can be achieved. The 16-bit address is formed by

multiplexing the lower address iines (AQ-A7), latching them

17
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externally, and combining them with the upper non-
multiplexed address buss (AS5-215). This egquates to an ad-
dress space of 64K. The power supplied to the NSC800 does

not have to be excessively regulated. The microprocessor

can operate with a voltage ranging from 2.4 to 6.0 volts.
This experiment will use a nominal voltage supply of 5.0 ﬂqiy
volts. However, there are tradeoffs that occur if voltage

is maintained at the minimum of 2.4 volts. While a savings L
of power will occur, the maximum clock frequency of the
NSC800 will be limited to 500 KHz. The operational fre-
quency selected for the controller is 4 MHz, which yields an
internal instruction cycle of 1.0 microseconds. The ex-
tended I/O requirements imposed and the capability of ad-
dressing up to 256 1/0 devices make this microprocessor
appealing.

A pin level view of the NSC80@ follows. The NSC800 chip

pinout is detailed in Figure 3. Through this exploration of S

the microprocessor, a better understanding of overall con-

troller operation will be achieved. The first 8 pins of the
NSC80@ make up the upper byte for memory addressing (A8- “ .
A15). During I/0 operations this byte replicates the lower

address byte (AQ-A7). This is the reason why memory can be

addressed up to 65536 bytes and I1/0 can only be addressed up

to 256. Next is pin 9, the clock output. This provides a :ﬁSEE
system time reference and operates at one half the input -ﬁf?
oAl

‘-.'1\‘-

RGO
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clock frequency. In this application the clock cutput will
pe 2 MHz. The XOUT and XKIN pins are used for frequency in-
put to the NSC800. The circuit interface between the 4MHz
crystal and the NSC800 is provided in Figure 4. The next 8
pins make up the lower address/data bus. As previously dis-
cussed, this bus is multiplexed. The lower byte is formed
by first putting the lower address on the bus. The address
l.nes are then latched to the bus through external circuitry
and the Address Latch Enable (ALE) line. This circuit is
described in Figure 5. Pins 2! through 26 are the NSC80Q0’s
interrupt control lines. The interrupts are both mask and
non-maskable and allow a varied degree of control. NSC800
status (S@ and S1) is provided on pins 27 and 29. Table 1
demonstrates the relationship between the status bits and

system operation. The microprocessor also has the capabil

TABLE 1. STATUS BITS AND SYSTEM CPERATION

R e i il e R LS e e e e e e s T e e 2 e e e S — -

INTERNAL OPS
INTERRUPT ACK
HALT

OPCODE FETCH 1 1 ;
MEMORY WRITE 1 Q :
MEMORY READ ] 1 :
l Q
I/0 READ ] 1
] 1
1 1
Q o

I/0 WRITE :

SO~ —0066
S0 — 0~ 0
—— e @ — © —

ity of being reset through pin 33. An output reset for sup-
porting external peripherals is provided on pin 37. The
gquestion ,"Is data going to memory or i/0 ?" can be answered

with pin 34, the IO/M select line. Additional lines include

21
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read, write and chip ground. For I[/0 operations, whlch
might last longer than the 1/0 hold time, there is a micro-
processor wait (/WAIT) on pin 38. This will allow addi-
tional t states to occur, until it is deactivated. Some
features not utilized in this configuration are DMA, memory
retresh, and power-down.

There are a number of tradeoffs which have to be ad-
dressed when selecting which features of the NSC800 will be
used and which ones will not be used. Some of these have
already been discussed. Other tradeoffs occur in the use of
dynamic or static RAM. By using static RAM, less power will
be required for memory storage operations. One problem as-
sociated with static RAM is its larger package size compared
to similar dynamic RAM. Tradeoffs also must be reckoned
with in not utilizing DMA in the controller design. Al-
though overall system design is simplified, flexibility is
reduced because certain poulled operations tie up the micro-
processor.

2. N3SCg81ea

The NSC81@ RAM-I/0-Timer is chosen for system I1/0 con-
trol as well as some controller clock and timer require-
ments. Specific information on the NSC810A RAM-I1/0-Timer is
found in the associated data sheet (Ref. 4]. The NSC810QA
system block diagram is provided in Figure 6. This is the

natural choice since it belongs to the NSC8Q0 family.
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Another favorable feature is its CMOS construction. As is
the case with the NSC800 microprocessor, a wide range of
input voltage is acceptable to the chip. The range is 2.4
to 6.0 volts. Extended control of I/0 is available through
three programmable ports. Specific information on these
ports will be presented in a following chapter. A very
broad range of programmable clock and timer modes is an
additional feature that makes this choice very interesting.
A review of some of the pin level aspects of the NSC81Q

follow. The NSC810A chip pinout is provided in Figure 7.

Many of the pin assignments, similar in nature to the
NSC800@, will not be discussed. The NSC810@ ports are found
on pins 21 through 39 and pins 1,2 and 5. These ports are
broken up into three groups labeled A, B and C. The first .
is Port A. Port A is the most versatile of the three and
can be set up for basic input/output operations or one of
three strobed modes. Port B can only be used in a basic
input/output mcde. The final subsection is port C. This
port plays a triple role. 1t can be set up for basic 1/0,
or can be used to support handshaking when port A is set up
for strobed operation, or can provide a programmable timer
output. The C port provides the second NSC810Q0 programmable
clock/timer output (T1) available on the NSC81@. The pri-
mary NSC81Q@ programmable timer/clock output, pin 6, is

called "T@". This is the main clock output from the NSC810.
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NSC21¢A Chip Pinout

-~ " ..

Voo

P2 or /5T8
PCL or BF
PCO or /INTR
PBI7)

PBI6)

PB(S)

PBl4)

PB(3)

PBI2)

PRI

PB(0)

PRI

PAIB)

PALS)

PA14)

PA(3)

PA(2)

PA(1)

PALD)




Both clock outputs ' can be set up in one of six modes of op-
eration. The NSC810 also has an I/0 Timer and Memory arbi-
trator (IOT or M) at pin 7. This line allows selection of
either the chip’s timer function or memory on the NSC810.
Each NSC810 has 1024 bits of static RAM.

The NSC810@ ports are used to control associated external
equipment. These ports have three programmable port assign-
ment features: port bit manipulation, port mode assignment,
and input or output assignment. The individual port bits
can be manipulated with the bit-set and bit-clear functions.

As the names imply, the bit-set operation will set a selec-

ted bit to a logic level of "1" and the bit-clear function b
will clear a selected bit to "0". The actual bit in the
port that is acted upon is identified by an input mask. An

example of the bit-set and clear operation is provided in v

Figure 8. Next there is the port mode assignment. This
takes place in the mode definition register. The four as-
signments that can be selected are basic 1/0, strobed input,

strobed output, and strobed output with a tri-state feature.

Handshaking is found in the strobed modes. If connected to
smart peripherals, the handshaking capability might free up —
microprocessor operation by not having to continually check

a port for status information. The mode definition register

configurations are provided in Figure 9. The data direction
register determines whether a port is set up as an input or

as an output. By selecting the data direction register for
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a particular port and inputting a "1" or "0", it will be set
Up as an output or input respectively.

Programmable timer and clock operations on the NSC810,
are very versatile. The clock is actually a 16-bit up down
counter and can be used in any one of six different modes.
The six modes of operation range from using it as an event
counter to providing a square wave output. The controller
will use the square wave output. To control the duration of
the sguare wave clock period, a modulus register is used
along with a prescale func:tion if desired. A start and stop

clock function is also available.

B. BUBBLE MEMORY

Before going into specific details of the bubble memory
device used with the controller, a bri=sf overview of bubble
memory fundamentals is in order. The bubble memory system
used on the controller functions somewhat likKe a disk drive
and has a capacity of | Mbits. That equates to [28K of 8
bit words or bytes. Memory is divided up into blocks or
pages. Each page in memory comprises 64 bytes. Over two
thousand pages of memory are available on the bubble memory
chip. Non-volatility is a unique feature of the bubble mem-
ory system. When the system is powered down, either on pur-
pose or by system failure, bubble memory data will not be
lost. The power supplied must satisfy certain decay rate

conditions in order to ensure the non-volatile nature of the
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bubble memory. The 5 volt scurce must have a decay rate of

at least 1.1l volts per millisecond and the 12 volt supply

A
must have a decay rate of at least .45 volts per millisec- . fziﬁ?
ond. Specific information on bubble memory operation is E%ﬁ
provided in the BPK_ 72 Bubble Memory Prototype Kir User’s T

Manual (Ref. 51. The bubble memory system component layout ??Ei
and block diagram are provided in Figures 10 and [l. These fflg
diagrams will provide information on system interaction and -

the bubble~-to-controller interface.

After the bubble memory system is selected one of two

sets of registers is available. These two registers are Tt
chosen with the lower address bus’ 340 line as shown in the

bubble memory system’s port diagram in Table 2. When the A0

TABLE 2. BUBBLE MEMORY PORT ASSIGNMENTS

Read (R)/ :
Address_(Hez)_ i Write (W) . Assignment . _ o _____ S
BMC Register Selection oo

40 = 0 : BMC FIFO Selection e

a. &
- S

AQ = I : Command Register, T
Status Register, Sl
or Register Address e
' Counreyr Selected <

line is at a logic "0" level, the FIFO or parametric regis-

ters can be written to. The parametric registers tell the ~T
bubbie memory system how large a data block to be sent and

t what

0
'y

rea in obubble memory it will begin. When the AQ

iine 3 at a logic ievel ot "." the command register, status
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register, or the register address counter are used in bubble
memory system operations. Seven of the bidirectional data
lines are used to transfer information to and from the bub-

ble memory system. The eighth data line, D8, it selected,

is used for parity checking. The bubble memory utilizes
only an odd parity check option. There are a number of op-
tions not utilized on this particular bubble memory systenm.
The first feature not utilized is Direct Memory Access or
DMA. Because of this, the DMA acknowledge pin will be tied
to a high logic level. Interrupt is another data transfer
mode available but not used for this bubble memory system.
Although the microprocessor might be freed up to perform

other tasks if the data transfer interrupt feature is used,

overall controller system complexity would increase. In

r
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this controller system application, the bubble memory oper-

P
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ates exclusively as a polled device. Another pin not used

.v

in this controller configuration is the 7472 chip select

. a—— R
w_a
]
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L

line. With single bubble memory applications this line is
tied to a low logic level. If a multiple bubble memory sys-

tem were utilized, this line would be manipulated to control

the byte size going into the bubble memory.

Special power down reguirements, besides that of the de-

cay rate of the power supply, have to be addressed. The RRE

'
.'/'

bubble memory device will be powered down when not in use.

)

s
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Although the bubble memory has an initialization time of up

e e

to 160 msec, the duty cycle of writing to the bubble will
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not be exceeded. Slince the bubble memory will be by far the
greatest source of power dissipation in the controller sys-

tem, it will be turned off when not in use.

C. ANALOG-TO-DIGITAL CONVERTER

The controller’s analog-to-digital converter has a num=-
ber of features that make it attractive. The National
Semiconductor ADCQ816 Single Chip Acquisition System is an
8-bit microprocessor-compatible analog-to-digital converter
with 16 channels of analog input. These voltage channel in-
puts are selected through a local multiplexer that utilizes
4 outside address lines labeled A through D. The actual
port assignments associated with the various A-to-D channels
is presented in Table 3. A block diagram and pin level dis-
cussion of the converter is provided in Figures 12 and 13.
This should help in the following description of the con-
verter operation.

The converter’s CMOS construction is the first important
feature, since low power dissipation is important. Sec-
ondly, the converter can handle up to 16 channelé of analog
data. This feature should more than compensate for the an-
ticipated growth that will occur in the experiment that this
controller supports. The converter uses a successive ap-

proximation technique for conv:rsion. The approximation
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TABLE 3. A-TO-D CONVERTER PORT ASSIGNMENTS

Read (R)/
Address_(Hex) . _Write (W)_._ Assignmenz___.
EQ : ¢ Channel # ©
El . i Channel # 1|
£2 : i Channel # 2
E3 : : Channel # 3
E4 : . Channel # 4
ES : . Channel # 5
E6 . i Channel # ©
E7 . v Channel # 7
E8 : + Channel # 8
E9 : + Channel # 9
EA , i Channel # 10
EB : . Channel # 11
EC : v Channel # 12
ED : i Channel # 13
EE : . Channel # 14
EF : ¢ Channel # 15
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technique is divided into three areas: a 256R ladder net-
work, a successive approximation register and a comparator.
The 256R ladder network and successive approximation regis-
ter work together to determine the channel voltage input.
The input voltage is compared to the voltage in the ladder
eight times to determine the voltage on the channel. The
actual tree structure utilized is shown in Figure 14. A
chopper-stabilized comparator is used in the converter. The
input DC voltage is converted to an AC signal, this =ignal
is then passed through a high gain AC amplifier and the DC
level is restored. Why convert a DC input to AC, and then
back as DC? This technique removes a DC component in the
input signal which causes drift. By removing this drift
component the converter is less affected by temperature
fluctuations and long term drift. The analog-to-digital
converter will be used for ratiometric purposes in this ap-
plication. The voltage being measured can be represented as
a percentage of a full scale value. The voltage on the A-
to-D channel can be described by the equation in Figure 15.
Some of the most favorable A/D conversion techniques are
packaged together in this conversion process. These combine
to make this converter highly accurate, repeatable, very
tolerant of temperature variation, and extremely fast. The

typical conversion time of this converter is 100
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Figure 15. Ratiometric Equation
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provided in the National Semiconductor®'s ADCO81!6 component

0]

. data sheet (Ref. 6].
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D. UART

A With a controller-to-"dumb" terminal interface comes a

need to control its inherent asynchronous serial data path.

To manage this, some type of serial to parallel device must
be used. A number of options were investigated. The first .;;i
of which is using the NSC800’s microprocessor serial input. ok
External serial data would be input directly into the con- SIS

troller system through the NSC800. One problem associated

[AERE R

with this procedure is the excessive work load the NSC800

e

would incur to control this input. The next alternative in-

vestigated uses a specialized Universal Asynchronous T

.
H
r e
s
y s
AR

Receiver Transreceiver (UART) and an external baudrate gen- 'ii

(O]

v
N

erator to handle the receive and transmit functions. The -

UART’s receiver converts serial channel data to a parallel Y

AP A

- data format compatible with the controller’s internal data -

.
RN

PR

o bus. The UART can also transmit parallel data that comes

—

- - off of the controller’s system data bus to an external se-
rial data line. The selection of receive and transmit oper-
ation is handled by the controller’s NSC8QQ0 microprocessor.
The UART ports that are affected by this selection are shown

- in Table 4. A middle ground design was eventually utilized.

Thnis design uses an external IM6402 Intersil UART and
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generates the clock for transmitter and receiver operation

on one of the N3C81@ chips. The Intersil IM6402 UART data

N
sheet [Ref. 7] contains specific information on chip oper- :
ation. A system block and pin diagram are provided in

l.' '!. "I

TABLE 4. UART PORT ASSIGNMENTS R

N

-

Read (R)/ R
Address_(Hex) . _Wrire (W) . _Assigoment_ . _____ ...
AQ . . UART Data
Al - BF : i xx+ NOT USED »x*x
Co ' . UART Status e
ct - CF : ¢ xx%x NQOT USED xxx a¥ers
Figures 16 and 17. . .
A number of features make the selection of Intersil’s ;fi

UART feasible for the controller. The first is its CMOS

construction. Secondly, the Intersil UART is compatible

with the industry standard for IM640Z. This allows it to be
epasi.y connected to any number of available "dumb" terminals fﬂ”
or mizrocomputers. The UART alszo has the capability of be- :D:
ing programmed in a number of different data formats. This
programmable feature a.lows it to be interfaced in a number

of different serial data environments. The following dis-

cussion, on the UART’s operation, will be broken up iato six
areas: receiver operation, transmitter operation, status,
control, setup, and clock specifications.
AR
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In recejver operation, external asynchronous serial data
is brought into the UART, itz format is changed, and then
the message is sent over the controller’s parallel data bus
to the NSC800. Following is a description of receiver oper-
ation at the pin level. Pin 4 on the UART is the Receiver
Register Disabled (RRD) line. This line controls the
Receiver Register Holding Register outputs by bringing them
to a high impedance state. Serial data enters the UART
through the Receiver Register Input (RRI), pin 20. After
the data enters, it is sent to the Receiver Buffer Register
(RBR)> on the UART. A signal on the Data Received (DR) line,
pin 19, indicates that the data is in the buffer.

The UART’s transmitter takes data in from the con-
troller’s parallel data bus, changes its format, and then
transmits the message out. There are a number of lines on
the UART dedicated to transmit operations. The following
discussion will look at most of them. An indication, that
the transmitter buffer is ready for new data is provided on
the Transmitter Buffer Register Ready (TBRE)> line, pin 22.
The Transmitter Buffer Register Load (/TBRL) line, pin 23,
is used to bring parallel data into the UART. This data is
brought into the Transmit Buffer Régisters (TBR), pins 26-
33. Data is eventually transmitted out of the Transmitter
Register Output (TRO), pin 25. The Transmitter Register
Empty (TRE)> line, pin 24, gives an indication that data

transmission is complete.
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The user interface is greatly simplified by status indi-
cations available on Intersil’s UART. Besides the transmit
and receive status indications, other status signals include
the Parity Error (PE), Framing Error (FE), and Overrun Error
(OE)>. Parity error is an indication that the received mes-
sage has incorrect bits. Either the parity bit or another
bit in the transmission is in error. If the first stop bit
in the transmission is in error a framing error occurs. The
overrun error indicates that a data received indication has
not been received before the last character was sent to the
receiver buffer registers.

Three control signals the UART uses are Status Flag
Disable (SFD), Master Reset (MR), and Control Register Load
(CRL). The Status Flag Disable places all status outputs in
a high impedance state, thus removing them from the bus.

The Control Register Load is used to load the system’s par-
ticular operating environment. This environment or setup
information will be described later. Finally, every time
the UART is powered up, the Master Reset is used to return
the UART to a known state for programming purposes.

The UART can be used in wide variety of formats. These
formats are displayed in Téble 5 [Ref.8]. The actual setup
utilized depends on the choise of Parity Inhibit (PI), Stop
Bit Select (SBS), Character Select Length (CLS!1 and CLS2)
and Even Parity Enable (EPE). The Parity Inhibit line is

used to stop parity checking when a data byte is received
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and parity generation when transmitting a word. If it is

desirable to check parity, the Even Parity Enable line is
used to check either odd or even parity. The Stop Bit

Select and Character Length Select lines allow the UART to
interface to a variety of transmitted word lengths and ) - e
formats.

The clock signal which the UART uses, comes from one of

the controller’s NSC81@s. This signal is 16 times the de- RN
sired transmit and receive rate. The UART has the capabil-
ity of operating at baud rates in excess of 200K if provided
with a clocking signal in the range of 4 MHz. This particu- N
lar system is designed for 9600 baud. The required clocking
for this rate is a little over 150 KHz. A baud rate of 9600
is selected because it supportz the “dumb" terminal used R
with the system. This rate also supports a variety of in-
dustry standard "dumb” terminal emulation communication
packages.

The data path between the UART and "dumb” terminal has

to be determined. The industry standard RS-232-C 25 pin in-

terconnection is used to interface the two units. The line
drivers shown in Figure 18 are used on the UART’s serial
transmit output and receive input. The connection uses a
three wire cable and is shown in Figure 19. The three lines

are Transmitted Data, Received Data, and Signal Ground.
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REAL TIME CLOCK

n

With a requirement tc initiate experiments at a particu-

lar time, some type of microprocessor compatible real time
clouck is reguired. The National Semiconductor {MM58167A

Microprocessor Real Time Clock is used. Specific informa-
tion on the real time clock is provided in the associated
data sheet [(Ref. 9]. Az with moust ot the other components

on tne controiler, 1t i3 CMOS in cunstruction. Some other
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clock features are presented (un the followlng dlscussion.
Month to thousandths of a second information is provided by
this clock. With a local four year calendar, the clock can
be used for very long term applicatiocns. A power-down fea-
ture allows it to be disabled from the rest of the system
for low power operations. The clock counter is divided into
two 4~bit Binary Coded Decimal (BCD) digits. During each
read and write operation the two digits can be accessed.
The BCD real time clock format is provided in Table 6 [Ref.
12). The chip has an alarm clock feature which can be pre-
programmed. This is needed for timed experiment initiation.
The clock can also be programmed to give a periodic signal
output with its variable interrupt control features. The
variety of available programmable functions are seen on the
port diagram in Table 7. There is a status check available
to ensure that clock rollover has not occurred during a real
time fetch.

A block and pin diagram are provided in Figures 20 and
21 respectively. These diagrams, along with the following
discussion, should clarify clock operation. Along with the
standard lines, such as Chip Select (/CS), Power (Vdd),
Ground (Vss), and Read (/RD) and Write (/WR) are some lines
unique to the clock’s operation. The first of which is the
Ready (RDY)> line, pin 4, which indicates that the data re-

gquested is now valid to be read. The Oscillator Input (OSC
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:: TABLE 7. REAL TIME CLOCK PORT ASSIGNMENT
~ Read (R)/
Addregss_(Hex) . _Write (W) i Assigoment .o
60 : i Counter - Ten thousandths
H : of a second
61 : i Counter - Hundreths and tenths
H : of a second
62 : i Counter - Seconds
€63 H v Counter - Minutes
. 69 . i Counter - Hours
W €5 H i Counter - Day of week
9. 66 : : Counter - Day of month
> 67 ' { Counter - Month
o 68 : { RAM - Ten thousandths
o : : of a second
. 69 : i RAM - Hundreths and tenths
., : : of a second
r 64 : ! RAM - Seconds
- 6B : + RAM - Minutes
- 6C : ¢ RAM - Hours
- 6D H ¢ RAM - Day of Week
- 6E : ! RAM - Day of Month
N 6F : { Ram - Months
70 : i Interrupt Status Register
- 71 : i Interrupt Control Register
- 72 : i Counter Reset
- 73 : i RAM Reset
o 74 : } Status Bit
v 75 H i Go Command
- 76 : { Standby Interrupt
77 78 H v kxx NOT USED xxx
7F ' i Test Mode
- 55
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IN),‘pin 19, and its accompanying output (O0SC OUTY, pin 11,
are used in the crystal oscillator circuitry shown in Figure
22. An Interrupt Output (INT QUT)> at pin 13 is programmed

to provide eight different intervals of output. The final

il WA

pin unique to the real time clock is the Standby Interrupt -
r- (/STBY INT QUT) line. This is the only line enabled during
low power operations. All other outputs are driven to a

high impedance state during low power operations.

F. STATIC RAM

The Hitachi HM6116P-2 2048-word x 8-bit High Speed
Static CMOS RAM is chosen for two reasons. First, it can be
integrated into the controller system very easily because no
refresh requirements have to be addressed. Secondly, it

r supports very low power operation. If dynamic RAM is cho-

sen, the package size for a certain amount of memory will be
smaller, but the power dissipation incurred will be greater
than if static RAM is chosen. The controller will have 8K

of local static RAM. It will be used as a buffer space

while accumulating enough data for a bubble memory write. ECQF
It will also be used as working space for the controller’s )

NSC80@. The associated pin diagram of the HM6116P-2 is pro-

vided in Figure 23. A truth table of RAM read and write op-
erations is provided in Figure 24. Specific information on X
- RAM operation is provided in the Hitachi IC memory data

sheet [(Ref. 111.
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G. EPROM UTILIZATION

The drivers for operation are resident in four Intel
2732A 32K (4Kx8) UV Erasable PROMs. Specific details on the
EPROM are provided in the associated data sheet [Ref. 121,
EPROMs are chosen over ROMs primarily because program de-
velopment time is shorter and development costs are lower.
The 12K bytes of EPROM memory is considered an adeguate
amount for resident memory requirements. The pin diagram of
the EPROM is provided in Figure 25. The Intel 2732A also

features a low power standby mode.
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ITI. LANGUAGE_SELECTION

A number of factors have to be evaluated before the pro-
gramming language is selected. Some of the considerations
that must be addressed are longevity of the project, ex-
tended I/0 control, real-time coatrol, and memory space
availability. The question of longevity, short or long term
use, must be answered to determine if the language will re-
quire much maintenance and growth during its lifetime. A
short term project can be written in a very inflexible man-
ner, and overall performance will not be overly affected.

On the other hand, if the duration of the project is over a
number of years a great amount of flexibility and growth po-
tential must be built in. The environment in which the con-
troller will be operating is fairly well defined and short
term. The controller, as was earlier stated, will have a
great deal of I1/0 control. The experiments the controller
will be controlling fall into two general categories: sys-
tems with no local logic and systems with local logic and
handshaking capability. With a well defined operating envi-
ronment to work in and a project driven with sequential real
time control, controller programming can be fairly rigid and
well contained. This well defined environment can be resi-
dent in a small amount of memory. While a high level lan-

guage is well suited for programming in a general purpose
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environment, 1t tends to have large memory requirements. On
I the other hand, very specific tasking and a great deal of
machine level control, make an assembly level approcach more
feasible. This approach is appropriate if the code size is
| : not excessively large. In assembly language programs, the
code tends to be more optimized, further reducing memory us-
age. It was against this backdrop that the Z-80 and 8080
i assembly languages were chosen for controller drivers. All

system drivers are written at the assembly level. 1In the

future, overall system control will be written in a compiled

higher level language. A majority of programming is done in

280 rather than 8680 assembly because it has a number of en-
hanced features. Some of these included code that performs
i . more functions than similar 8082 code and more diverse 1/0

instructions.
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IV. CONTROLLER_SYSTEM_DESIGN

Now that the components that make up the system have
been presented, the way in which they work together will be
developed next. A short recapitulation of the requirements
that the overall design should satisfy will be presented.
Small size and low power dissipation are physical con-
straints. The small size necessitates that a small compact
design be developed. The requirement of low power dictates
that low power chips be utilized.

The éontroller is almost 100 percent CMOS in construc-
tion. There are also some additional benefits associated
with the use of CMOS devices. One being a higher degree of
noise immunity than TTL circuitry. This is evident in the
varying power environment in which the CMOS chips can oper-
ate. Another advantage of CMOS is in its ability to be

common-bussed. This bussing arrangement is allowed because

three-state transmission gates are grovided on most CMOS de
vices. With almost all CMOS components the problem of com-
patibility among chips is minimized. Overall system loading
is reduced due to the CMOS design and the requirement for
bus drivers is minimized. Although there are a number of
benefits associated with CMOS construction, some precautions
associated with their use have to be looked at. Since un-

stable operation may be observed if an unused input to the
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CMOS device is left open, it should be tied to either a high
or low logic level depending on circuit reguirements. The
main power dissipator in the controller, the bubble memory
storage device, is the primary non-CMOS device present.

When the bubble device is not in the actual process of read-
ing or writing it is completely powered down. The primary
trade off that this introduces is a 160 millisecond delay at
most before the Eubble can be written to again. The re-
quirement for extensive port control brings about the inclu-
sion of three NSC810s with their many ports and timer
capabilities. A block diagram of the controller’s primary
component interconnections and their control, data and ad-
dress bus is provided in Figure 26. The direction of data
flow on the controller’s data bus is controlled by an octal
bus transceiver. A consolidated controllerFI/O map is pro-
vided in Figure 27. The decoder shown in Figure 28 is used
to select the various controller components. The con-
troller’s decoder and NSC80Q provide signals that are used
to determine directional flow on the data bus. This cir-
cuitry is shown in Figure 29. A total of 8K bytes of RAM
and [2K bytes of EPROM will be utilized for controller oper-
ation. The controller memory map is provided in Figure 30.

The memory decode circuitry is shown in Figure 31.
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V. GQENERAL_SYSTEM_LAYCUT_AND_CONSTRUCTION

o After ensuring that system components will satisfy con-
.“

= troller requirements, their interconnection is made on pa-
> per. This procedure takes « number of steps. First an

overall and general view o0f system’s interconnections is

made. Next comes the more specitic task of designing a sys-

tem layout with pin ‘identification. The controller systenm
A layout is provided in Appendix A. Through the layout, the
intricacies of component interaction can be observed. One

can also observe the underlying outline of the circuit’s ul-
timate construction. The analog-to-digital converter’s cir-

cuit interface with the controller is shown in Figure 32.

\_
1 ~ 40
2 g§> IN<2..0>
. 4 I——a 5V
: A/DE
N<14.3>{ 18~ 7. §2> ADD<DLA>
. o 5 Channel i
’,: Interrupt 4-—‘Q— ﬂ) ::;,&
. 12 2d
. Interrupt ¢ ~ 1 gg AD<7..0>
..,'} Comman g %g gg
- o -y
3 Ref(+) 5V '.“_—.Zég = from
; _‘ NSC800
RD CS WR
Figure 32. Controller Interface with the A-to-D Converter
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Following the paper design the circuit is realized in hard- e

ware. Specific details, such as chip socket positioning,
bus layout, and the utilization of bypass capacitors to re- 8
move spikes in the system have to be addressed. A brief de- PR
scription of the building techniques used in the ——
controller’s construction follows,

The first situation that has to be evaluated is whether
the prototype circuit will be created by a wirewrap or sol-
derless breadboard assembly. Due to the frequency that the

» controller will be operating, around 4 MHz, the wirewrap op-

tion is chosen. This will avoid possible ringing problenms
.ﬁ associated with breadboards operating at high frequencies.

= After choosing the wirewrap approach, the actual layout of

the components has to be made. An evaluation of the data,

o

b

address, and control lines among the various chips is made

A
143

r

and through layout these path lengths are minimized as much

,
YR

v
gy
L
v
[ A

as possible. Space for the RS-232 and other interconnec-

tions with external equipment is also identified. The con-

- troller wirewrap board layout is provided in Figure 33. The
ground and power lines are first routed. In wiring power,
the leads are of heavy gauge and as short as possible. The

effectiveness of a power supply can be seriously degraded by

the resistance in its lead lines between power source and

. load. The ground lines are also of heavy gauge. Throughout ROy
o N
- the circuit, .0! microfarad bypass capacitors are used to SQ}tf
- N

. remove any unwanted current spikes that might be caused by RV Lt
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circuit switching action from totem-pole devices. After
wiring is complete, a check of the power and ground leads is
made by a continuity test to all applicable chip connec-
tions. Next the external power supply is connected to the
circuit and all power and ground lines are again checked.

In the prototype controller, power is provided through an
external power supply. The required decay rates that are
needed for proper bubble operation are satisfied. Next the
address/data, low address, and high address busses are
wirewrapped and checked via a continuity test of all lines.
The system control lines are connected and are alsoc checked
with a continuity test. The N3SC80®, a NSC819¢, a EPROM and
one RAM are placed on the controller. The interaction be-
tween the NSC800 and EPROM is tested by a short progranm.
This program causes a fetch, the jump instruction is decoded
and then two more bytes of memory are fetched. This results
in a toggling of the control and memory select lines. This
is verified with an oscilloscope. The remaining RAM is
added to the circuit along with the UART. The UART is then
verified by a short program that takes keyboard inputs,
sends them to the controller, and then back to the terminal
screen. Now the bubble memory module is added to the
controller. 1Its operation is then verified. The procedure
used is provided in following chapters. The real time clock
and analog-to-digital converters are then added to the

controller.
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VI. SOFTWARE_FLOWCHART_AND_DRIVER_DEVELOPMENT

A. BUBBLE MEMORY CONTROL

After hardware development comes its application. While
some components interface quite easily with the microproces-
sor and only need to be addressed to return an answer, oth-
ers require a series of operations or drivers to function.
The NSC800 to bubble memory system interface is the most
complicated one on the controller. The following discussion
will look into what is required to initialize the bubble
system, read from it, and write to it. A bubble command
summary is provided in Table 8 [Ref. 13]1. This should help
in the following driver development. The drivers and the
main program calling them are provided in Appendix B. In-
formation on bubble memory programming from the BPK_72
Bubble _Memory Prototype Kit_User’s_Manual (Ref. 14] and a
bubble~-to~controller software interface (Ref. (5] are used
in driver development.

The interface between the bubble and NSC800 microproces-
sor is heavily dependent on software. The drivers control
all aspects of bubble operation. Data is received from the
NSC80Q microprocessor and is converted into bubble memory
commands or command execution parameters. The driver also

interprets signals from the bubble indicating that a
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particular operation has bBeen completed or that {t has
failed. This information is then returned to the NSC800.
Bubble driver utilization is multilayered. The upper layer
comprises the main program and user interface. A lower
layer is divided into a number of specific operations.

These operations then call primitive subroutine acticns.
Some of these primitives include, initializing parame ric
registers, resetting the FIFO data buffer, writing to .ubble
memory, and reading bubble data memory. The bubble system
has the capability of operating in a polled, DMA or inter-
rupt driven mode. The polled mode is used for this control-
ler application. There are a couple of reasons for this
selection. Because the bubble is used to store histofical
data during the experiment, the rate at which the bubble
will be written to and read from }s very low. A polled mode
more than adequately satisfies controller operation. With
no additional hardware required to initiate polled oper-
ation, its interface with the microprocessor will be easier.
The primary disadvantage associated with polled operation is
the excessive time the microprocessor is tied up with the
bubble. Data transfer is software controlled. After a conm-
mand is sent to the bubble, the status register is read
continuously. This register determines when data is to be
written to or read from the bubble FIFO. All bubble oper-
ation is composed of smaller driver primitives. Some of

these primitives include abort, purge, FIFO reset and the
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fﬁ read/write commands. Typical polled operation command
. execution and data transfer routine flowcharts are provided
in Figures 34 [Ref. 16] and 35 [Ref. 17]. Bll commands sent

- to the bubble utilize similar input and output formats. The

’
‘1

.‘.

main difference is the actual commands sent. Operation is
divided into initializing, writing to, or reading from the Eaff
bubble memory system. Bubble memory initialization is

carried out each time it is powered up. In the process of -
initialization, the following bubble commands are performed:

abort, purge, FIFO reset, and read/write to bootloop. In

. write operations the parametric registers are first written

to. This establishes the size of page,that will be written

and where in the bubble memory it will be placed. The

f bubble memory’s data write operation is then initiated.
Data is taken from a predefined location in RAM nemory to iﬁ
the bubble memory system. With the read command, data from ;u
the bubble memory is written to a preselected RAM buffer
area. Like the write operation, the parametric registers

establish the type of transfer that will occur. The actual

read bubble data command is then issued. O

B. REAL TIME CLOCK
The four operations that the real time clock performs
V4 are setting time, programming the interrupt, reading time, ~
and setting the alarm ocutput. To set the time, its associ- iji

ated function is called and the user is prompted for the }ﬁ?
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INSTIALIZE TIMEOUT
COUNTER

3

COMPUTE ¥ BYTES
TO BE TRANSFERRED

A SR

] INITIALIZE OMA HARDWARE ]

| SEND REGISTER ADDRESS COUNTER |
| SEND PARAMETRIC REGISTERS l
I ISSUE COMMAND I

le

i 2

| READ 7220-1 STATUS 1

8USY =~ 1? NO DECREMENT TIMEOUT
COMMAND ACCEPTED TIMEOUT COUNTER
2 COUNTER -~0?
. YES YES
INITIALIZE TIMEQUT
COUNTER
| S
\
l READ 7220-1 5TATUS j
S ——
BUSY =07 NO DECREMENT TIMEQUT NO
COMMAND FINISHED TIMEQUT COUNTER
? COUNTER -G?

| RAFAD 7220-1 STATUS I

STATUS =
OP COMPLETE
?

STATUS =
OP FAIL
£

DECREMENT
COUNTER

TIMEQUT
COUNTER

-0

‘ COMPLETE ’

Figure 34.

‘ ERROR HANDLING ,
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appropriate inputs. These inputs are converted to BCD
format and are sent to the appropriate port of the clock.
The alarm type function, that the real time clock performs,
is similar to the clock set operation. Rather than write to
the clock’s counter as it does in the time set operation,
the alarm is written to the clock’s latches or RAM. The
clock’s interrupt output is maskable through the interrupt
control register and can be programmed to any of eight pos-
sible signals. The interrupt control register regulates
which of the bits in the interrupt status resgister has an
output. The interrupt status register has interrupt outputs
for tenths of seconds, seconds, minutes, hours, week, day of
month, and month. The interrupt control register is written
tc by calling the interrupt function. After this function
is called there is a prompt on the terminal for the desired
interrupt cycle. A byte with the desired interrupt bit set
to a "1" is then sent to the interrupt control register.

The interrupt register format is provided in Figure 36. To
read the present time, the program’s read time function is
invoked. After determining the time, the clock’s status bit
is checked to see if the clock rolled over during the read.
If no roll over occurs the present time is returned. The
real time clock also has a power down feature which is in-
voked by bringing the power down line to a logical 0. The

standby interrupt is the only output allowed during power
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down and is enabled by writing a | on the D? line when the

standby interrupt is selected.

< C. CONFIGURING THE I/0 PORTS

. The port characteristics of the controller are estab-
lished on the NSC810s. To aid in the following discussion,
the three NSC810 port diagrams are shown in Tables 9, 10 and
11. The ports of the NSC810 can be configured in a number
of modes as previously discussed. The A port byte can be
configured as basic 1/0, strobed mode input, strobed mode
output, or strobed mode output with tri-state. The configu-
ration or mode is selected by writing to the mode definition
register. The allowable mode definition register assign-
ments and the bytes that select them are provided in Figure
} 37. The B and C ports are only configured as basic I/0.

' The C port is also utilized as a programmable timer output
or serves as a handshake register when the A port is in the
strobed mode. After the port mode is selected, the direc~
tion of the port is determined. This selection is made by
Wwriting to the Data Direction Register of the port. A "0O"
at a particular bit location indicates the bit is configured
as an input. A "1" in a bit location signifies an output.
When the A port is configured in one of the strobed modes
the registers of the A and C ports require the configura-
tions shown in Figure 38. The individual bits of the A, B

and C ports can be manipulated with their respective bit-set
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. TABLE 9. NSCS510A NO.l!1 PORT ASSIGNMENT ;ﬁftj
v - []
3 S
- ._(.'glg
V. P-.;-r'a’.
- A
- RN
{ Agdrggzé_sﬂgzsz__;_wrizg_swz_?-éééigumgnz ................... R
00 : R/W , PA 0-7 (Ext. General Purpose T
: ' Strobed Input)
o1 : R/W . PB 0-4 (UART Control)
H . PB 5-7 (Available)
Q2 : R/W i PC 0-2 (Power Control)
' i PC 3-5 (A/D Counter Timer)
N Q3 : i xxx NOT USED %xxx
- 4 : W : DDR - Port A
o) 05 : W . DDR - Port B
0 26 : W i DDR - Port C
o 07 : W i Mode Def Reg
" 28 H W i Port A (Bit - Clear)
- 09 ' W ¢+ Port B (Bit - Clear)
- (0] : W i Port C (Bit - Clear)
2B : i %*xx NOT USED xxx
eC : W i Port A (Bit - Set)
QD : W i Port B (Bit - Set)
QE : W i Port C (Bit = Set)
QF : i x%xx NOT USED xxx
.. 10 ‘ ¢+ Timer @ (LB) UART Baud Rate
N 11 : i Timer @ (HB) UART Baud Rate
.. 12 ; v Timer 1 (LB)Y A/D Clock
- 13 : : Timer 1 (HB) A/D Clock
14 : W . Timer ® Stop
15 : W v Timer 9 Start
- 16 : W i Timer | Stop
17 : W i Timer | Start
: 18 : R/W i Timer Mode (0)
o 19 : R/W i Timer Mode (1)
- 1A ~ \F ' i xxx NOT USED xxx
~
“
(1

- 87




...... Y ¥ o E a2 0 g v I ¢ Lt (g I e i it v g el s i S S i i ool A e

TABLE 1@. NSC81@A NO.2 PORT ASSIGNMENT

Read (R)/

f X ¥ IR N5 JUNA N T A« UAVSAPL APy A 7 ST Pr. - Tplg 9 AP ApERp S T L L P R T Y e

20 : R/W + PA 2-7 (SSDR Strobed Input)
21 : R/W i PB ©-7 (Power Group Input)
22 : R/W i PC 0-2 (SSDR Control)
: i PC 2-5 (Available)
23 : v kxx%x NOT USED *xx
24 ; W . DDR - Port A
25 H W . DDR - Port B
26 : W { DDR - Port C
27 : W ¢ Mcde Def Reg
28 : W i Port A (Bit - Clear)
29 H W i Port B (Bit - Clear)
2A : W i Port C (Bit - Clear) _
2B : i xxx NOT USED *xxx
2C : W ¢ Port A (Bit - Set)
2D : W ¢ Port B (Bit - Set)
2B H W i Port C (Bit - Set)
2F \ i xxkx NOT USED xx%xx
30 - : { Timer @ (LB) Power Group
31 : i Timer @ (HB)> Power Group
32 H i Timer 1 (LB) Available
33 : + Timer 1| (HB) Available
34 ' W : Timer O Stop
35 ‘ W v Timer @ Start
36 H W . Timer 1 Stop
37 : W v Timer | Start
38 : R/W i Timer Mode (@)
39 : R/W i Timer Mode (1)
3A - 3F : i xxx NOT USED xxx

|-i.:: '.‘;;-':1

\.-'-.:\.:' 1
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TABLE 11. NSC810A NO.3 PORT ASSIGNMENT

etataletnla!

Read (R)/
Address_(Hex) i _Write (W) . Assignment . __ o oo
40 : R/W i FA 0-7 (SSDR Strobed Output
. 41 : R/W » PB 0-7 (Power Group Output
. 42 : R/W . PC 0-2 (3SDR Qutput)
. J i PC 3-5 (Available)
' 43 ' ¢ x%xx NOT USED xxx
. 44 : W » DDR - Port A
45 : W i DDR - Port B
46 : W i DDR - Port C
47 : W i Mode Def Reg
48 : W i Port A (Bit - Clear)
49 : W i Port B (Bit -~ Clear)
4A : W i Port C (Bit - Clear)
P y 4B : i xxx NOT USED xxx
2 4C ' W i Port A (Bit - Set)
o 4D : W ! Port B (Bit - Set)
b 4E : W ! Port C (Bit - Set)
= 4F ' i xxx NOT USED *xxx
- 50 : ‘ Timer @ (LB) Power Group
- 51 : ! Timer @ (HB) Power Group
2 ; i Timer 1 (LB) Available
53 : i Timer 1 (HE) Available
54 : W . Timer @ Stop
3% i W i Timer @ Start
56 H W i Timer 1 Stop
57 \ W v Timer | Start
: S8 . R/W ¢ Timer Mode (@2
- 59 ‘ R/W i Timer Mode (1)
- 54 - SF : i %xxx NOT USED xxx
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and clear ports. If a “0" is written to the port, nc change
will occur. If a "1" is written to a particular bit loca-

tion, the selected operation will occur.

N The procedure to set the clock output of the NSC810 fol-

-

ii lows. First, the timer being configured is stopped by
writing a 020 or 111 in the timer mode register. Next the

desired clock mode is written to the timer mode register.

The six timer modes available are presented in Figure 39.

The modulo value for the clock is then written into the
S modulus register, low byte and then high byte. The selected
clock is then started. The mode 5 configuration, square wave
clock, is chosen for UART and A/D timing signals. An exam-
ple of the square wave output and the effect the modulo

value has on the signal is provided in Figure 40.

.1

- D. ANALOG-TO-DIGITAL CONVERTER

MR T
I3
.

LI

For a read on the analog-to~-digital converter, the par-

A
y s
s

Te'

ticular channel is selected, the microprocessor initiates a

delay and then the channel voltage is read.

E. UART

- A description of the drivers for the read and write op-
erations follow. For a keyboard read, the status register
of the UART is activated and a check is made to see if a

character has been received and transferred to the receiver

buffer register. After the character is received, it is
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- sent to the microprocessor. For transmlissions out to the :}:
- A
a console, the status register is again read. This time, the =
- transmitter buffer register empty indication is checked. ;i:
}f After an indication that data has been transmitted to the g
. .‘-_‘:"

transmitter register and the UART is ready for new data, an *

e output from the NSC80@ is made.
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VII. CONCLUSIONS

The controller designed and built in this thesis satis-
fies the requirements of the space shuttle experiment.
Although designed for a specific experiment, it has the
flexibility to be applied to following space shuttle pro-
jects. There is the possibility for hardware and software

enhancements.

A. FUTURE HARDWARE AND SOFTWARE POSSIBILITIES

The controller’s EPROM memory can be increased from its
present 12K bytes to 56K bytes. This would yield an overall
RAM and EPROM memory usage of 64K bytes, the maximum allow-
able in this controller configuration. The bubble memory
unit on the controller can be upgraded to the newer Intel 4M
bit system, DMA data circuitry could provide greater data
throughput, and interrupt data transfer circuitry can de-
crease program overhead. Digital-to-analog converter cir-
cuitry can also be incorporated and a range of voltages
would then be available for system control. Finally, a
newer 16 or 32 bit CMOS microprocessor can replace existing
microprocessor control devices.

An extensive real-time operating system can be developed
for the controller. System programming during this thesis

Wwas exclusively EPROM based.
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B. FUTURE APPLICATIONS AND RESEARCH OPPORTUNITIES

Hardware and software enhancements previously discussed
contain ideas that can be used in future controller research
and development. The controller can also function as a low-
cost general purpose control workstation for the classroom
and can support many different control system environments.
The UART allows it to be interfaced with most

microcomputers.
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APPENDIX A

CONTROLLER CIRCUIT LAYOUT
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A
CONTROLLER SOURCE CODE
?
l', ;
"o
3 ;.eaea
I ENTBY  DELAY.TAELE
- EXTRN AEORT,WRIUBL ,RTEUBL, INBURL
- H
- CSEG
- ;
N H GAS CAN CONTRCL PROGRAM
o ;
I STACK  EQU )
! ;
: NSC8121 EQU 28oE L
- NSCB122 EQU 920F ROACH
2 NSCE1e2 EQU g4gE AR
K RTC QU 2EQY R,
BUEELE EQU 2E0¥
v CONZATA EGQU ZARE R
) CONSTAT EQU 2coE L ond
- BAUT EQU 207H .
R BAUTAL EQU ¢01E NSRS
- FOWERCK EQU 2a1E
ATCD IQU QIDE e
. MONTE  EQU geE NN
o CAYCFM EQU ¢€68 o
; TAYOF¥W EIQU 265H e
i EOUES  EGQU 2E4E
MINUTE EQU ZE3E
GO QU ¢75B
AMOKTR  EQU gEFE
ADAYCFVM EQU 261k
AROUR  EQU ¢6CL
AMINMUTE EQU 26 L
. CR ECU ¢rH
LF EQU YAB
ES QU gen
- RAM QU gFcees
BUFF EQU RAM
TABLE  EGU 33111
) ; JUMP TARLE
;
4 300T: JMP SYSTEY
LS £
ESTKT1: JMP INEUBI
DS &
RSTRT2: JMP RDBUEL
Ls £
RSTRT2: JMP ¥ABURL
) DS 5
. RSTRT4: JMP ABCR1
DS &
- RSTRIS: JMP LOS
- DS 1
o RSTRTC: JMP Lolss
-~
'—
191
v

e, T L IR A Vet A AT e e e T T ARSI
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AR Sl ST

l LS 1

} RSTRTE: JMP LCB

R Ls 1

N RSTRTZ: JMP Ic16s

“ DS 1

> RSTRI?: JMP Lc7
DS 1

I RSTRTA: JMP LoI75

2 DS 278

IONMI

ySET STACKE TO @
+ INITIALIZE HARDWARE
s PRINT GREETING MENU

JINITIALIZE STACK TO ¢
;GET INPUT FRCM XEYECARL
yLCWER LIMIT ERROR ON INPUT

s UPPER LIMIT ERROR ON INPUT

CONVERT FRCM ASCII TC BEX
CETERMINE POSITION IN JUMP TA3LE

yLCALS ALLREES CF SYSTEM TABLE
i FCRMULATES JUMP TABLIF ADDRESS

iJUMP TABIEZ

+GC TC EEGINNING CF PECGRAM
yREAL TIME CLCCK CCNTRCL
yPCWER CONTROL

y INITIALIZE BUBBLE

yWRITE BUEBLE TATA

fRIAL BUBELE LATA

7 RAM VMEMCRY

$ANALOG TO DIGITAL CONVERTOR

FERRCR MESSAGE
iMAIN MEMY
iGC TC BEGINNING AND GET CONSOLE INPUT

- ¥
g ; BEGINNING CF PROGRAM CPERATICN
~ ?
; SYSTEM:
l Tl
LX1 SP,STACK
g Call INITEW
- LxI L. MENU
R CALL PRINT
- AGAIN:
- LX1 SP,STACK
. CALL CONIN
) CcPI ‘e’
: JM ERROR
) CPI ‘g’
: Jp ERRCR
sul ‘2’
MCV ,A
, ALD A
: ATD c
i MCY C,A
‘ XRA A
MOV ELA
LXI 3,SYSTZL
TAD P
‘ PCEL
- ;
' SYSTRIL:
Jve SYSTEN
JMP Lo1
JMP I02
JMP Lc3
JMP L04
JVP LoS
JMP Ice
) . Jvp To7
ERRCR:
Lx1 D.MSG1
CALL PRINT
LxI L .MENU
. CALL PRINT
o JMP AGAIN
! ; MAIN FROGRAM
)
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LXI
CAIL
CALL
CEI
J¥
CPI

SUI
MCV
ALD
ALL
MOV
XRA
MOV
LX1
DAD
PCEL

TOLTEL:
JMP
JMP
JMP
JMP

’

101e:
XRA
ALl
0UT
JME

Lo11:
LXI
CAIL
CALL
XRA
MVI
0uT
LXI
CAIL
CALL
XRA
MV1
ouT
LXI
CALL
CALL
XRA
MVl
cuT
Xl
CAILL
CAIL
XRA
MVl
out

-" ‘-. ---‘ ."-..'.o" \.‘ \' " .-' \'-Q.' - ~.‘ ..> --- n."- '-. ‘.-
"aat e a -.'_A.{L{:\.{min_".k- '-A-“-L'-LJ A .-L."-:f-;"_:;"

P0E
?¢E
IONE1

rL.rs611
PRINT
GETEEX
A

AP
¥ONTE
I.M5G12
PRINT
GETEEX
A

A,B
LATQFV
D,MSG13
PRINT
GETEEX
A

AB
TAYOFW
D,MS5G14
PRINT
GETBEX
A

AR
EOURS

AU A R PR
SN N
VY. PCIN IY AN

(A R R o bt D el i e, iy Bt 2

iRzAL TIME CLCCK
yFREINT REAL TIME CLCCK MENU

iGE1 CONSCLE INPUT
sLCWER BOUND INPUT ERRCR CHECK

sUPPER BOUNI INPUT ERRCR CEECK

yASCI1 T0 FEX CONVERSION
;LETERMINE POSITION IN JUMP TABLE

JUMP TABLE AITRESS
CALCULATE POSITION IN JUMP TAEBLE

.
1
.
’

yREAL TIME CLCCK JUMP TABLE
JCLEAR INTIRRUPT

+ SET REAL TIMI

+SET INTERRUPT

7SET WAKEUP TINME

;CIEAR INTERRUPT
; INTERRUPT STATUS REGISTER

SET REAL TIME
INPUT MONTE MSG

tGET MONTE IN REX

;LCAD ACCUMULATOR WITH HEX VALUZX
i LCAT CCUNTER WITE MONTL

INFUT LAY OF MONTE MSG

’
7GET TAY OF MCNTE MSG

+1CAT ACCUMULATOR WITH REX VALUE
+LCAL COUNTER WITE DAY OF MONTH
s INPUT DAY OF WEEKX

7GET TAY CF WEEK IN BIX

+ LCAL ACCUMULATOR WITE EEX VALUE
yLCAD COUNTER WITB DAY OF WEEK

3 INPUT BOUR OF DAY

$GET ECUR CF IAY IN HEX

yLCAD ACCUMULATOR WITE EEX VALUE
7LCAL COUNTER WITB EOUR
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DA SR i gl gl IS

:

;

- ;

) r£oi12:

| ;

. CIXTEL:

! LC111:

) ;
rciiz:
H
£0112:
H

. LC114:

IL1
Call
CAll
XRA
MVI
ouT
XRA
ouT
JMP

LXI
CALL
CALL
Cpr1
J¥
Cpl
JP
Sul
MOV
ALL
ATD
MO¥
XRA
MCV
LX1
TAT
FCEL

JMP
JMP
JMP
JMP
JMP

XRA
MVI
OuT
JMP

XRA
MVl
cuT
Jmp

XEA
MVI
ouT
oMP

XAA

L.MSG1E
ERINT
GETEEX
A

A,B
MINUTE
A

GO
TONEL

L ,MSG1€
PRINT
CONIN
8’
ERR1
!5!
ERR1
e’

C,A

A

WA
oA
1,CIKT:L

W00

IC111
Lo112
ILs112
{114
I0112

A
A,@28
2718
CONEL

A,C4F
2718
DONEL

A ,C8E
€718
CONEL

sINPUT MINUTE
;GET MINUTE

$LCAT ACCUMULATOR VWITH EEX VALUZ
3 LCAD COUNTER WITH MINUTE

;GC CCMMANT

+SET INTERRUPT
3 INTERRUPT SFPIECT MENU

;GET INPUT FRCM KEYECARD
;LCWER LIMIT CEECK FOR ERROR ON INPUT

JUPPER LIMIT CHECK FOR ERROR ON INPUT
; CCNVERT FROM ASCII TC FEX
yCALCULATE TAELE ADDRESS

$ICCATION OF CLOCK TABLE

ERRUPT JUMP TAELE
SkC
SEC
MIN
FOUR
O INTEKRUPT

h

SRR ]

.
’
.
|
.
'
.
’
H
.
1

1
2
1
1
1
N
;SET INTERRUPT TO 2.1 3SEC

; INTERRUPT OUTPUT TO 1QEZ

$SET IMTZRRUPT TO 1.0 SEC
yINTERRUPT QUTPUT TO 1 EZ

$SET INTERRUPT TC 1 MIN
s INTERRUPT ONCE A MINUTE

7SET INTERRUPT TC 1 EOUR
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DCNE

)
ERR1

’
Lo2:

MVI
CUT
JME

R

’
I011%:

XRA
ouT
JMP

1xl
CAll
CALL
XRA
MVI
001
Lxl
CAIL
CALL
XRA
MVI
Ccu1
XRA
ATI
CU1
Lxl
CAll
CALL
XRA
MVI
ouT
Ixl
CAlL
CALL
XRA
MVl
cuT
JMP

1:
LXI
CALL
JMP

Coix

CALL
JMP

Lxl
Call
CALL
CP1
I+
crl

. PR O ARSI Ol P P I e L. o -t M *
L T P SRR AL SR R P D TP NI PP P ST Y

A,l1CH
€71k
ICNEL

A
@718
LONF1

L,MSG11
PRINT
GETEEX
A

ALE
AMONTE
I ,MSG12
PRINT
GETHEX
A

AE
ATAYOQFV
A

QFFE
CETE
L,MSG14
PRINT
GETEEX
A

AE
ABCUR
L,MSG1E
FRINT
GETBEX
A

A,B
AMINUTE
DONEL

I,%ENU
PRINT
GAIN

rL,MS5G1
PRINT
I

D,MSG6
FRINT
CCNIN
‘8’
ERR2
‘6"

f IANTEERUPT OUIPUT ONCE AN HCUR

i NC INTERRUPT

FCIEAR INTERRUPTS

7SET WAKEUP TIME

1 INPUT MONTE VSG

7GET MONTE FOR RAM

710AD ACCUMULATCR VITE BEX VALUE
i LCAT RAM WITB MONTE

i INFUT TAY OF MONTE MSG

7GET LAY CF MCNTH FCR RaM

71CAD ACCUMULATOR WITH KEX VALUE
s LCAT RaM WITB DAY CF MONTE

i INFUT PCUR QOF LAY

iGET BEOUR OF LAY FOR RaM

;LCAL ACCUMULATOR WITE HEX VALUE
yLCAL RAM WITE FOQUR

s INPUT MIKUTE

yGET MINUTE FCR EAM

7 LCAL ACCUMULATOR WITE EEX VALUEX
sLCAT EA™ WITP MIMITE

PPINT OPENING MENY

tPRINT ERROR MESSAGE

7UNIT CONTRCL MOLDULE

i PRINT PCWER 1C UNIT ON/CFF MESSAGE

yGET KFYBOARL INPUT
+LCWER EQUND INFUT ERROR CHECX

yUFPER BOUND INPUT ERRCR CEFCK
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JF E352 .
syl ‘@’ }ASCIT TO HEX CONVFRSION o
MCV C,A ;CALCULATE POSITION IN JUMP TABLE -
ATI A
ALD ¢
MCV C,A
XRA A
MOV E,A
LXI E,T02TEL ;JUMP TABLE AILRESS
DAD b
PCEL
’
DO2TBL:
JMP Ioz2e ;UMT #1 OFF (RIT E@ ON NSCB10#43:
JMP ILc21 ;UNIT #1 ON (BIT EQ CM NSCE18#3)
JMP r022 ;UNIT #2 CFF (BIT E1 ON NSC21243)
Jrvp rc2z ;UNIT #2 CN  (EIT 1 ON NSCR1g#Z)
JME IC24 ;UNIT #3 CFF 'BIT 22 ON NSCB51¢43,
; JMP L023 ;UNIT #3 ON (EIT 2 Ch NSCo1€#23
14
22
My I A,01k
cuT 4¢E ;TURN UNIT #1 OFF CLEAR EFIT B¢
;CN NSCE1343)
JVME ICNEZ
’
| £021:
! MVI A,21F
. CuT 4TP $TUEN UNIT #1 ON SET EIT Be
- ;CN NSCE1243)
: JME LCANE2
1
] I0z2
. AR A,22F
) ouT 4SF ;TURN UNIT #2 CFF CLEAR ZIT 21
;CN NSC61043)
JME LCNE2
?
Loz
MY 1 A,z2F
ouT 4LE ;TUAN UNIT #2 ON (SET EIT E1
: ;CN NSCE12#3)
) JME ICNE2
L024:
- MVI A ,04K
: ouT £GH 1TURN UNIT #3 CFF .CLEAR 3IT B2
’ {CN NSC&1243)
JMP LONEZ
’
) Lo2s:
» MVI A .@4L
: ouT 4DH ;TUBN UNIT#3 CN (SFT BIT 22
. JON NSCE1g#3)
. TONEz:
. LX1 L,MEANU sPEINT CPENING MENU
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CaAll TRINT
JMp AGAIN
+
ERR2:
LX1 I,M5G1 $PRINT ERRCR MESSASGE
CALL FRINT
JVP 102
’
103 ;EUBEIE INITIALIZATION
LXI B,TABLE i LCAT TABLE AILRESS
MVI V.21% JLCAL PARAMETRIC TAELE
INX B
Mv1 M,10%
INX £
MV I v ,20F
INX B
MV I v,2er
INX B S
MV 1 M,00 o
LxI E,TARLE R
CALL INEURL R
ANI ZeL ]
cPl 22F FCFECK FCR SUCCESS INLICATION ,
INT LONEZ ;CF-CCMFLEITE MSG - ﬂ
LX1 I.M5GE ;OP-FAIL MESSAGE
CALL FRINT
JMP LONE3L 36O TO MAIN MENU
TCONEZ:
LXI L,M5G4 ;CF-COMFLETE MSG A
CALL PRINT - - .d
LCNE31: TS
X1 L,MENU SPRINT MAIN MENU e
CATL FRINT PO
JMF AGAIN e
3 . ’."‘ _1
IC4: FWRITE CATA TC EUBBLE :f.fi
LX1 E.TRELE ;LCAD TABLE ALDRLSS )
. MYl ¥.10H . - —ﬂ
. INX E R
. My I M.,1¢B ]
- INX E N
& Myl ¥, 20F SRR
2 INX 2 AN
- MY I ¥,008 ey
INX )
hA'DS M,20F Re:
X1 E,TAELE R
LxI I,BUFF $ATLRESS CF RAM BUFFER AREA ]
CAIL ¥RBRURL L
ANI 208 o
CEl 201 $CEECK FCR SUCCESSFUL OPS S
INZ CONE4 ;OF-COMPIETE VMSG
LXI L,MSGE ;CF-FAIL MSG
CALL FRINT
JMp ILONE41
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Sl

" 'h
.l .

(M)
)

2

;
LONE4:

DONE41:

H
LO05:

IONEE:

LONEE1:
)
DCISS:

280

3 we o o

o6

LX1
CALL

LX1
CALL
JMP

LX1
MV1
INX
MVI
INX
MV1I
INX
MVI
INX
MVI
1X1
LX1
CALL
ANI
CPl
JNZ
1X1
CALL
JME

LXI
CAIL

LXI
CAll
JMP

1X1
CALL
JMP

Lt
CAIL
CALL
CP
JP
c?
JP
SUEB
LI
ALD
ALD

L,MSG4
PRINT

D,MENU
PRINT
AGAIN

E,TARLE
~,1018

B

¥,10H

B

¥,20F

3

¥,.e08

b

¥ .08
E,TAELE
L,EUF¥
FC3UEL
208

373
ICNESE
L.MSG3
FRINT
LONESL

I,M58G4
FRINT

[ ,MENU
PRINT
AGAIN

I,VsG7?
FRINT
AGAIN

LE,MSGER
ERINT
CONIN
Y

~ ERROR6
‘g

P . ERRCKE
Iﬁl
C,A
A,A
A,C

» CF-CCMFLETE MSG

sPRINT MAIN MENU

SREAD DATA FRCM BUBBLE
yLCAT TAELE AILRESS

yALLRESS OF RAM BUFFER ARFA

FCEECX FCR SUCCESSFUL OPS
1+ OF-COMFLETE VSG
$OF-FAIL MSG

i CP-CCMPLETE MSG

PEINT MAIN MENU

yRAM MEMORY TEST PROGRAM
iRAM EUFFER TEST MENU

;GET CONSOLE INPUT
;LCWER BCUNT INPUT ERRCR TEST

+UPPER BCUNT INPUT ERRCR TEST

#ASCIT TO HEX CONVERSION
yCALCULATE POSITION IN JUMP TABLE
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1T
XCR
LI
LD
ALD

JP(EL)

?

BUFF¥TERL:
JP
JP
JP
JP

?

ERRCRE:
LD
CALL
JB

1

ro61:
LT
ir

LCOPE1: LI

SPOT1: LI
INC
DJINZ
INC
ce
JP
JP

’
L[C6z:
Ir

LCCPS: LT

SPOT: 1T
INC
LJINZ
INC
cp
JP

JP
CONEEL:

1T

CALL
LONEE2:

JE

. - - . o~ - . . - .« o e "2 86" e . - -
PRI PSR M N O P TP TN
WA VPAL L I, I AP ey e e L, -

A

BUFFTBL
3C

ot e O

WA
L
L,

D061
I062
LC63
Lo64

LE,MSG1
PRINT
Ic6

LE,MSGER

BRINT
CONIN

CR
Z,ICNE62
c

Z,LONEB1
100PS

LE,MSG4
PRINT

Lo6

o .

sLCAD JUMP TAZILE ALDRESS
i CALCULATE JUNMP ALTRESS

+ INDEX AIDRESS LOCATION
JINITIALIZE BUFFER VITH ¢°§

+ICAL BUFFER MEMORY WITE CHARACTER
i BETURN TO SYSTEM

iBAD INPUT MSG

$INITIALIZE BUFFER 70 @
i CLEAR A
s INITIALIZE BUFFER

fLCAL EUFFER FEMORY

7MEG TC EAVE USER

+ITEPRESS KZY

sKEY ON TERMINAL TC LOAD
iCEARACTER INTO MEMORY
*$EITE MESSAGE ON TERMINAL

+IF CR END TEST
iCIEAR A

+1CAD MEMORY WITH TERMINAL VALUE

+LCAT 1024 MENMCRY LOCATICNS
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(8]
"3
[2]
)
.

3o ws

R N e
NS P W S AR T

LL
1T
LT
LT
PUSE
CALL
PCP
INC
DINZ
INC
cP
Jp
JF

Lr
CALL
JP

IXI
CALL
JMP

Ix1
CALL
CALL
CP1
Jm
CFI
JP
SUI
MCY
ALD
AIL
vey
XRA
MCY
LxI
DAL
PCEL

oMP
Jvp
JMP
JmMp
Jrp

el

A2
BI,BUFF

B,

¢, (BL)
A¥
CONOUT
AT

)38
SPCTZ
A

4
Z,LO0NEEL
ICOP3

LE,MEND
PRINT
AGAIN

L,MEG?
FRINT
AGAIN

L, ,M8G71
BRINT
CONIN
PO

."-"-.-“-‘."'-‘
abhdadad s o g o
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yRAM MEMCEY VIZWw NMCIULE
 INMITIALIZE A

‘RETURN TC SYSTEM

yGET INPUT FRCM KFYBOARL

FLOWER LIMIT CEECX ON INPUT

jUFPER LIMIT CHECE ON INPUT

tCOMVERT

FRCM ASCII TO REX

yCALCULATE TAELF ALDRESS

y LCCATION CF A-TO-T TABLE

iA-TO~D JUMP TAEBLE

s CEANNEL
;CEANNEL
; CEANNEL
s CHANNEL
7 CEANNEL

s CBANNEL
i CEANNEL

1@

2
1
2
3
4
9 INFUT

1 INPUT

A et e
. SRR
.t a N e .
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JMp AZENL
L0712: IN QE2H yCBANNEL 2 INFUT
Jvp ALENL
TQ714: IN 2E3H } CBANNEL 3 INPUT
JMP ATEND
TC?712: 1IN 2E4E s CBANNEL 4 INPUT
ADEND: IXI D,MENU
CALL FRINT
JMP AGAIN
’
ADERR: 1IX1 L,MSG72 {EEROR ON INPUT
CALL PRINT
JMP oy d
TOI7E:
LXI D,MSG7
CALL PRINT
JMP AGAIN
3
LONMI:
Lx1! L,MSG7?
CAIl PRINT
JvP AGAIN o
1
H START CP SUZRCUTINES
13
PRINT:
- XCEG 7 SWAP 3C REG WITE EL RIG
PRT1:
MCYy A M tMCVE MEMCRY VALUE TO A REG
c?1 4 t+CHECK FCR INL OF MSG LELIMITEER
RZ EETUEN IF ENI OF MSG FCUND
MCY C.,A
PRTZ:
IN CONSTAT s CLECK FCR CONSOLE STATUS
ANI 21 §MASK CUT ALL 3ITS& EXCEPT BIT @
CPI 21 JCHECK TO SEE IF TRANSMIT BUFFER IS EMPTY
JINZ PRT2
MCV ,C tLCAT CEARACTER TO 3E TRANSMITTED
oUT CONDATA sSEND DATA TO TERMINAL
INX E
L . JME FRT1 sCEECK NEXT CEARACTER
!
le CONIN:
o IN CONSTAT JCEFCK UART STATUS
. ANI g2 CEFCK TO SEE IF INPUT EAS BEEN MADE
. JZ CONIN
- In CONTATA RECEIVE DATA FROM UART
. ANI 7F8 yMASK OUT RIGH BIT
b RET
N :
CONCUT:
IN CONSTAT
ANI 21
CPI g1

- INZ CONOUT




3

’
CCONST:

'
INITHW:

~MCcv
CcUT
RET

IN
ANI
RZ
MV1
RET

MVI
0U1

MVI
cuT

MVI
ouT

MYl
ouT

MVI
ouT

MV1
0uT
My
cuT
MY
U1
MV I
ouT
ouT
Myl
cuT
MV1
out
M1
cuT
MYV1
CUT
0uT
M1
cuT

MVI
cuT

MVI
ouT

4,C
CCNDATA

CONSTAT
02

A,OFFE

A,01B
enE

A.205
¢4B

4,23E
CEE

A,245
33|

A,CFFE
28R

4,208
158
A.CER
i¢h
4,BAULCAD
12F
A,QQFE
128
17k
A.COB
1sF
A,QZH
1€R
ALEAUL
12H
A.20d
11E
1SR
A1
<7k

A.,008

243

A £3%
2€L

7SET NSC810#1 MOLE DEF REG ZOR
yPCRT A TO STRCREED MODE INPUT
iFCR POWER CONTRCL OPS

tCATA DIRECTICN REGISTERS ON PORT
+A SET AS INPUT

;LATA LIRECTICN REGISTER ON PORT C
;SET AS INPUT FOR STROEELC POWER
; CCNTROL OPERATION

$ENAELE ThE ACTIVE-LOw INTERRUPT
JEFCM TEE I0 10 TFE CPU

;PCRT B CONFIGUREL AS AN OUTPUT ' .
7¥CR UART GONTEOL

$TIMERLI 1S STCPPED AND RESEI
TIMER1 SET TC SQUAERE WAVE
i TIMERL1 LB A-1C-I BAUT RATE

;TIMER1 EB A-T0-D BAUD RATE

;TIMERG SET TC SQUARE WAVE

ySTART TIMER] N
RRGNS
;TIMERg IS STCPPED AND RESET Vo
SESKS

;TIMERE L3 UAET BAUD RATF SET

;TIMER® EB UAEFT BAUD EATE SET
{1 START TIMER

}SET NSC81g¢#2 MCOLE DEFINE REGISTER
iFCR STROBEL SSLR INPUT TO PORT A

yCATA DIRECTICN REGISTER ON PORT
}A SET AS INPUT

$LIR PCRT C SET UP FCR STROBEL INPUT
;FCR SSTR HANISHAKING




A A

My | F,B4E :-.-4
ouT ZEE JENAELE TEE ACTIVE-LOW INTZRRUPT o
jFFOM TFE I/C 70 TEE CPU A
MY1 A,OPE gy
ouT 28R ;PORT B IS CONFIGURED AS POWER RO
$GKOUP INPUT s
MVI A,20B
out 2eR ;TIMER@ 1S STCPPED AND RESEI
MVI A,0%H
cut 2EE ;TIMERG SET TC SQUARE ¥AVE
MVI A,POWERCK
cUT 3gE ;TIMERe LB POWER CLCCK SET
MVI 4,008
ov1 218 ;TIMER® HB POWER CLOCK SET
ouT ISk ;START TIMER
MVI A,078
cuT 47F ;SET NSC812#3 MODE DEFINE REGISTER
;FCE STROBED SSLR OUTPUT (TRI-STATE)
;ON PORT A
MVI k,@FFE
ouT 448 iDATA DIRECTICN REGISTER OM PORT A
;SET AS OUTPUT
MVI A,e3E
ouT 4EH ;TIR PORT C SET UP FCR STROBED
;OUTPUT (TRI-STATE} FOR SSDR
JEANTSEAKING . .
MVI A,248 .
ouT 41B ;ENAELYS THE ACTIVE-LOW INTERRURT -7
;FFOM TEF 1/0 10 TEE CPU A
MVI A.eFFH R
ou1 4€F JPCKT B CONFIGUREL AS PCWRER
. iGFCUF OUTEUT 1vvr4
MV I A,C0B SR
ouT ek ;TIVERE STOPPEL AKL RESET T
Myl A,BEE NG
ouT sep ;TIMERE SET TC SQUARE WAVE e
MVI A ,POWERCK . -
out S0F ;TIMIRE LB POWER GROUP TIME SET -
MVI A,egH ,
0U1 €1k ;TIMERZ }B POVER GRCUP TIME SET
ouT ESE ; START TIMERE
RET
GETBEX: ; SUBRCUTINE TC GET A 2 TIGIT NUMRBER
;FROM THE KEYECART. CONVERT TEEM 10
{EEX AND THEN TO A T¥0 LIGIT ECT
s NUMBER
EIGE: LXI I,MSG111 iMSG TO INPUT EIGE LIGIT
CALL FRINT
CAIL CONIN ;GET EIGE LIGIT FROM KEYBOARD
CPI '
IM 130:3:981 ;LCHER LIMIT CBECK ON INFUT
JMP CONT1 $CORRECT INPUT - CONTINUE
ERREI1: LXI I,MS6113 JERRCR MSG ON INPUT
CALL FRINT
JMP FIGH
113

Vet et et Ve, ., -
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CCNT1: CPI
JP
Jrp

ERREIZ: LXI1
CALL
JMP

CCNT2: SUI
RAL
RAL
RAL
RAL
ANI

MOV
LCw: Lxl
CALL
CALL
CPI
Jr
JMP
ERRICW1:
Lx1
CALL
JMP
CONT3: CPI
JP
JME
FRRIO%Z2:
LXI
CALL
JMP
CCNT4: SUI
ANI

CRA
MCV
RET

CFLAY:
MOV
LCCP1:
LX1
LooP2:
ICcX
MCV
ORA
JNZ
DCR
JNZ
RET

IR

ENU: DE

MESSAGE

AL

ERREIZ
CONT2
I,M8G112
FRINT
HIGH

g’

eresB

C,A
[.rS5G1l1lz
FRINT
CCNIN
‘e’
ERRLCW1
CONTZ

WMSG112
PRINT
LCw
AR
IRRLCY2
CONT4

I.MSG112
FRINT
ICw

Y

2FL

c
2.8

E.A
[,1241
L

A.T

E
1CoPz
)]

100P1

<

-

IEALENMAL IR S U UL iV i Sl S ST s AL S g~ o e UL b, g o G R 8 ] ~
et Tt

yEIGB LIMIT CEECK CN INPUT
JCORRECT INPUT - CONTINUE
EERCR MSG ON INPUI

FCCNVERT FRCM ASCII TO REX

;THIS MOVES THE BEX VALUE TO BIT
;PCSITIONS 4 TO 7 IN TRE ACCUMULATOR

;TEIS ZEROS THE IOWER 4 BITS 1IN
i TFE ACCUMULAICR

$DIGIT IS PLACED IN C REG
;MESSAGE TO INPUT LCW BIGIT

FGET 10W DIGIT

LCWER LIMIT CBECK ON INPUT
iCCRRECT INPUT - CONTINUE

+EERCE CN INPUT

JEIGE LIMIT CBECK ON INEUT

+ERRCR ON INPUT

jCCNVERT FROM ASCII TO EFX

;TBIS ZEEOS TBE BEIGB 4 BiTS COF

y TEE ACCUMULATCR

;THIS JOINS TCGETEER TEE ECL PAIR
y TEE 2CD PAIR IS MOVED TO REG 3

$DELAY A TIMES 13MSIC.

CK,LF, GAS CAMN CCNTRCL PROGRAVM’,CH.LF
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MSG1:

DE

DB

DE

LCE

LE

I3

LE

DE

IE
L3

U I M 2 A TR A A LA A -y g

CR,LF, 2= RESET SYSTEM *

’

CR,LF, 1= REAL TIME CLOCK

CR,LF,’2= POWER CONTROL °’

CR,LF, 3= INITIALIZ?E BUBBLE

CR,LF, 4= WRITE 2UTBLE TATA

wm

CR,LF, S= REAL BUEELF LATA

CR,LF, ‘6= MEMCEY BUFFEF

CE,LF,”7- A TC T CCNVERTIR

CR,LF, %’

’

CR,LF,“EAD ENTRY, TRY AGAIN!’,CR,IF,’$’

Aty

L

s

)
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-
e

DE

LB

5G4z I7)3

MSGE: DE

v
4
(73]
<
[e))
o
1"

Ck,LF, SET REAL TIME CLOCK ’.CR,LF

CR,L¥, ‘2= CLEAR INTEERRUPT °
Ck,L¥F, 1= SET REAL TIME
CR,LF, 2= SET INTERRUPT °

CR,LF, 3= SET WAXEUP TIME

CR,LF, "%~
CR,LF, "SPARE °,CH,L:, 5’

CR.,LF, OP-COMEIETE: °,CR,LF "%~

CR,LF, OP-FAILED °,CR,LF, 5’

CR,LF, "SELECT UNIT TC TURN ON/CFF ,CR.LF

. o0 . . . et et R A
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R G R Bl At S S v s L ="
IR e L A S ARSI A CE S CRARrS e

L4

SR N |
RN

>

Iz Cr.L:, €= UNIT "1 C:F’ el
I3 CE,LF, 1= UNIT #1 CN’ :
DR CK,LF, 2= UNIT #2 CFF’
DB CR,IF,’ 2= UNIT #2 ON’

I3 CR,LF, 4= UNIT #2 CFF’

TR CE,LF, S= UNIT #3 CN° oy
'-—_gu .
» .'- .
re s L':'-".-.‘.
DE CR,LF, % I
H e
MSG?7:  DE CR,LF, ‘SPURICUS INTERRUFT ‘,CF,LF., &' DEN
AT

Y. YN

A

MSG11: DB CR,LF, 'INPUT MONTE = *,CR,LF, 4

’

MSC12: D2 CR.LF, INPUT LAY OF MONTR = '.CR,IF,’}

MSG13: LE CR,LF¥, "INFUT LAY OF WEEK = ’,CE,LF, %’

’
¥SG1l4: LE CR,LF, "INPUT ECUR CF LAY = °,Ck,LF, "¢’
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MSG1E: DB CR,LF, "INPUT MINUTE OF RCUR = °,CR,LF,"$

’

MSG1€: LE CR,LF."SET INTERRUPT INTERVAL ,CR.LF,CF LF
L? ‘¢ = 9.1 SEC,CR,LF
L: ‘1 = 1,8 SEC’,CR,L¥F

3 ‘2 = 1.¢ MIN",CR,L¥
19 ‘3 = 1.0 EQUE",CR,L}
DE ‘4 = MG INTERRUPT ,CR,LF
Tz 5
MsGeEeg: LE CR,LF, 'DEPRESS ANY LETTER/NUMEER,CE,L¥

CR,LF, CR CR 10 QUIT ,CR,IF




IE

o2

LE

DE

LE

D2

LE

CR,LF, ¢’

CR,LF, 'RAM MEMORY TEST OPTION:  CR LF

Ck,LF,”’ ‘.CK,L¥

CR,LF.’¢ INITIALIZE BUFFER VMEMORY ,CR,LF

CR,IF,"1 = LGAT EUFFER MIMORY ,CK,LF
CR,LF,’2 = DISPLAY EUFFER MEMCRY  CR,LF
CR,LF,’3 = RETURN 1C SYSTEIM’,CR,LF
CR,LF,’%’

CR.LF, "SELECT CEANMNEL TO REAL CN TEE’,CR.LF

"ANALCG-TC~LIGITAL CCNVERTER: ,CR,LF

« ta " o
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v 0o ¢t v N . 0

DE

IE

LE
MSG?72: TLDE

L3

D

[£7]

’
¥SG111: LE

Ui SRt 2 antShi bt St LW N ARSI =0 G e i e ile ke i

CR,LF,"® = CHANNEL @’ ,CR,IF

‘1 = CEANNEL 1°,CR,LF

.
[
]

CHANNEL 2°,CR,IF

S
(]
|

= CEANNEL 2°,CR,LF

.
-3
"

CHANNEL 4¢°,CR,LF

.

&)
Cx,LF, "ERROR CN INFUT - FLEASE SFLECT 4  CK,LF

‘TIGIT FECM ¢ TO 4 CNLY’.CR,LF

o
CR.L¥, ENTER EIGE IIGIT CR @ IF NCT ,CR.LF

"APPIICAEIE’,CR,LF
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)
MSG11z2: D?

DE
H
MSG113: DE

D?
LS
INT

- e - . '7- ".".‘I'-'r"
DS . . . ) . . DR L A NER
At et oAl At . Th et et et e T s e L RIS . L e e e e e T . R I K
A A A A At Al P T Y s e e e e e A A R bl s s S s e,

A Rt Al Al Sl Al A A S Mt el tad ol i it Al e CRAR

‘g

CR.LF, ENTER LO¥ LIGIT’,CR LF

'$I
CR,LF, PLEAST - ONIY ENTER DIGITS FROM @ 10 9 ,CR,IT
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o T

.8CEQ

’

PRTAQQ
FRTAOL
BYTCNT

’
ENTRY
EXTRN

’
)
’
H
’
I

NTPAR:

LCAT:

trf e e e me e
=
]
2]
o
rn

RUSYFR:

!
POLLFR:

: PUSE L
PUSE E
MVI E,428 + LCAT CP-COMPLETE
Ix1 L.OFFFFE sTIME CUT IS INTIALIZED
MVI A.1LF
cur FRTACL ;WRITE FIFO RESET COMMAND
IN PRTACL iREAL STATUS REG
ELC i TEST zZUSY EIT=1
J¢ PCLIFR yIF RUSY=1,POLL STATUS REG
DCX L fCECREMENT TIME OUT LOOP
XRa A
ORA D $TEST D~REG=00B
CRA E fTEST F-Ri3=2¢€E
JNZ BUSYFR 71F MT € CONTINUE PCLLING
JMP RETFR yTIME OUT ERRCR
IN PRTAZ1 iREAT STATUS
IRA B +TEST STATUS FCR OP-COMPLETE
JZ RETER ;JUMP TO RETFR IF OP-COMPLETE
DCX L yCECREMENT TIME CUT LCOF
XRA A
ORA L ;s TEST L-RZG
CRA E $TEST E-RES

EQU egek iPCLLEL MOLF
EQU 2e1lk +1/0 PCRTS
QU 1224 sRAM BUFFER BICCK

ABCRT,WREUBL,SLBUBL, INBUBL
LFIAY,TAELE

INITIALIZE TEF PARAMETRIC REGISTERS
TE1S WILL DESTROY TEF A ANI F/FS

PUSE E

PUSE [

MV1 A,@BF

CUT PRTAC] JAITRESS IOADEL INTIO 722¢ RAC

MVl E,0%E ; LCCF CCUNTER INTIALIZETL 10
JREAD TABIE VAILUE

LLAX E

cuT FATAZO 7WRITE PARAMEIRIC 2EG

INX E s INCREMENT B-C REGS ADDRESS IN RAM

DCR I sCECREMENT LCCP COUNTEE

Jh2 1CAT }JUMP TO LCAL IF NOT £

POP L

PCP t

RET

RESET 722¢ FIFC LATA EUFFIR
TEIS WILL DESTROY A AND F/FS§
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ACBeA AU A B i

‘e

. . -
et e
CIPMCIPA S W

N B T o A

"
tat
-3
P
o

S we e w0 s s

RITE:

BUSYWR:

FOLLWR:

i
¥FIFO:

FINSHW:

YY) %t we we we we

(2]
o>
(=]
P

PRI S,
P WA NPTy

oNZ
PCP
PCP
IN

RET

WRITE TC BUBRLE MEMCRY
DESTRCYS A,

PUSHE
PUSE
LXI
MVI
0UT
DCX
X3A
0RA
ORA
JZ
IN
RLC
JNC
IN
RRC
J<
IM
RLC
JNC
DCX
XR4A
CRA
ORA
JZ
JVMF

LIAX
0uT
INX
LCX
XRa
ORA
CRA
JNZ
PCP
PCP
RET

READ EUBELE MEMORY
WIIL CESTROY A,E,L, AND

PUSB
PUSE
LX1I
MVI

CLL:k

F
E
L
PRTAS1

L
3
E,0FFFFE
A,138
PRTAQ1

3
A
E

o

FINSEW
FRTAGL

EUSYwE
FRTAC1

\FIFC
FRTADL

FIKSEW
E
A
E
¢
FINSKFW
FOLLYR

L
PRTACO

OLL¥ER

o rIm»Ime

I

)3
B,OFFFFL
A,12H

$READ STATUS

E, L, ANL F/FS REGS

$SAVE RAM BUFFER ADDRESS
?SAVE TAELE AILRESS
$INIT TIME OUT LOCP COUNTER

+WRITE, WRITE BUBBLE MEM LATA CML
$CECREMENT TIME OUT LOCP COUNTER

yTEST B REG=0CH

iTEST C REG=30E

+1F ¢, TIME OUT EEROR. JMP FINSEW
yREAL STATUS REG

fTEST BUST BIT=1

+1¥ @. CONT PCLLING BUSY BIT
+ 2EAD STATUS REG

3 TEST FIFO READY BIT=1

;1F FIFO READY=1 JMP WFIFO

7 READ STATUS REiG

$TEST BUST EIT=1

;1% @, EIRKOR, JMP FINSEW
yDEC TIME CUT LOOF COUNTER

i TEST B REG=0¢CH

iTEST C RYG=0OF

71F €. TIME OUT ERRCR JMP FINSEW
7 CCNTINUE POLLING FIFO READY BIT

sLCAT RAM ALLFESS

iWFITE A REG 1C 7222 FIFC DATA RUFFER
7 INC TC NEXT ALDRESS IN RAM

iLEC EYTF COUNTER

;TEST B REG= €QF

+TEST L REG= €@E
»1IF BYITE CTR MOT &. JMP ECLLWR

yRETURN TO CAIL

F/¥S REGS

s SAVE RKAM 3UFFER ATLDRESS
7SAVE TABIE ALDRESS
yINIT TIME QUT LOOP COUNTER
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CUT FRTACY 7¥RITE, READ EUBRBLYT MEM LDATA CMD
3USYRT: LCX z yDEC TIME QUT LOCP COUNTER
XRA A
ORA E +yTEST B REG= @2E
034 C i TEST C REG= €QH
Jz FINSER 1¥ @, TIME OUT ERROR, JMP FINSER .
IN PRTIAC] $REAL STATUS REG
RLC 7 TEST BUSY BIT= 1
JINC BUSYRD +IF @, CONT PCLLING BUSY BIT
POLIRL: IN PRTAC1 fREAL STATUS REG
RRC i TEST FIFC REALY BIT= 1
JC RFIFO $1F FIFO READY= 1, JMP RFIFO
IN PRTAZ1 +REAL STATUS RIG
RLC y TEST BUSY BIT=1
JNC FINSER jIF @, ERROR, JMP FINSHR
DCX B +LEC TIME CUT LOOP COUNTER
XRA A
CRA b yTEST B REG= €@FL
ORA C s TEST C REG= €@K
JZ FINSHR +IF ©, TIME QUT ERROR. JMP FINSER
JMP PCLLRI yCCNT POLLING FIFC REAILY BIT.
’
RFIFC: 1IN FITAGD yLZAD A REG W’ 1 EBEYTE FM FI¥O DATA BUFFER
STAX L ySTCRE A REG IN R¥G D-E ADDRESS
INX T +INC T-F REG TC NEXT ALLR IN RaM
ICX B sLEC BYTE COUNTER
XRA A
ORA E 3TEST E REG= Q0F
CFR L yTEST L REG= €QF .
! JNZ FOLLET ;IF 3YTE CCUNTER NOT 2, JMP PCLLRAD
- FINSER: POP E sRESTORE E-C REGS
PCP I RESTCRE D-E REGS
CIT
’
H AECRT
’ WILL LCESTRCYS A, ANI F-FS EEGS
3 AB0ET: PUSE I yPUSH UNKNCWN VALUFE OF [T TO STACKL
" FUSE B y42F PLACED OM STACK
i LXI L.QFFFFE 7 INIT TIME OUT LCOP COUNTER
MY 1 2.42H 3LCAL CPEEATICN COMPLETE
LD A,198 3 1CAD ABCRT CCMMANE
COT PRTACL WRITE ABCRT COMMAND
EUSYA: IN PSTAC] s REAT STATUS RiG
RIC 3CBECK IF BUSY
JC PCLLA 717 BUSY POLL STATUS REGISTER
ECX T yLEC TIME QUT COUNTER
XRA A
ORA r sTEST D REG= 2@k
OFA )3 y TEST E REG= 20H
JNZ tUSYA yCFECYX FOR BUSY IF TIME LEFT
Jve RETA yTIME CUT ERRCR. RETURN
POLIA: 1A FRTARL sREAD STATUS RIG
XRA z +TEST FOR OP-COMPLETE
124
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fas'a
iz AETA FETUSN IF OP CCYPLETE
e r ;TEIC TIME OUT LOOP COUNT:R
XRA A
CRA I TEST D REG FCR @
CRA 5 iTEST E REG FCR ©
INZ FOLLA ;IF NCT @ CONTINUE POLLING
RETA:  POP ;
PCP I e
1N FRTACL READ STATUS oo
RET ot
; T
; WRITE PUEBLE MEMORY CATA e
; WILL DESTROY A, AND F/FS REGS et
?
WREUBL: PUSE  E iSAVE END TABLE ADDRESS
PUSH P iSAVE BEGINNING TABLE ALLRESS
Myl E,408 ;LCAD B REG OF-COMPLETE
CALL  ¥IFORS iRESET FIFO
X5A 3 TEST FOR OP-COMPLETE
INZ RETWR i1F ERROR JMP RETWR
PCP P
CALL  INTPAR iLCAT PARAMETRIC REGS
1XI H,BYTCNT
CAIL  WZITE
FUSE
IX1 B,OFFFFE SINITIALIZE TIME OUT LOOP T
L00P¥R: IN FETACL i2EAL STATUS e
RLC STEST  FCR BUSY=1 e
InC RETWR :1F ZERO JVP RETWR o
Dex 3 i TECREMEINT TIME CUT LOCP
XRA A —
CHA E ;TEST E-REG FCR @ e
ORA L ; TEST L-REG FCR 2 o
INZ 100PWR i CONTINUE POLLING
RETWE: PCP :
PCP E
IN PRTAZ1 $READ STATUS
RET
’
; REAL ZUREIE MEMORY DATA i
; B
; WILL DESTRCY A, AND F/FS REGS o
H -
EDSUBL: PUSE END TABLE ADLRESS g
FUSE  E ;PEGINNING TAELE ATDRESS ‘
MVI E,408 ;10AL OP-COMPLETE —
CALL  FIFCRS ;RESET FIFO e
XRA E ;TEST FOR OP-COMPLETE S
INZ AETRD ;1F NCT ZERG JMP RETRD e
PCE E T
CALL  INTPAR LCAC PARAMETRIC REGS
LXI E,BYTCNT
CALL  READ iREAL BUBBLE LATA
PUSE  E —~
LXI E,GFFFFF FINITIALIZE TIME OUT LCOP o
e
oy
N
DL g%
.‘-}‘h-
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LCCERL: Iw FETACY ;REAL STATUS Y
RIC iTEST FOR BUSY=1 RN,
INC RETRL ;1§ ZERC,NOT EUSY,JMP EETRL oo
LCX B 3LECREMENT TIME CUT LOCP :-\.':w.'j
XRA A PN
ORA E iTEST E REG=0
ORA L ;TEST L REG=0
INZ 100PRD ;CCNTINUE POLIING
RETRL: PCP E
PCP B N
IN FRTACL SREAD STATUS PR
RET L
H -
; INITIALIZE TEE BUBBLF
; e
; WILL CESTRCY A, AND F/FS REGS Co
y Y
INRUBL: PUSH I ;PUSE UNKNCWN VALUE P
PUSE 3 ;ATDRESS OF TAELF PUSFED TO STACK -l
MV 1 E, 405 ;10AT OP-COMPIETE S
CALL  ABRCRT ;CALL ABORT CCMMANL Fare
XA E ;TEST FOR OP-COMPLETE
INZ FETIM ;1T ZERC OP-CCMPLETE
, ECP E ;PLACE ALDRESS OF PARAMETRIC REG IN 3
. CALL INTPAR ;ICAD PARAMETRIC REGS
PUSE i
MY 1 2,428 7LCAT CP-COMPLETE
LXI L.OFFFFE FINITIALIZE TIME OUT LOOP .
¥V1 A,11F
ouT FRTACL sWEITF INITIALIZE COMMANE - -
BUSYIN: IN PRTAC] SREAD STATUS
RLC ;LECREMENT TIME CUT LOOP
Jc PCLLIA ;IF BUSY=1 POLL FOR 40F
LCxX » ;TECREMENT TIME OUT LCOP
XRA 2
ORA T ;TEST D REG FCR @
ORA 3 ;TIST F REG FCR @
INZ BUSYIN ;1F NCT ¢ CONTINUE PCLLING —
JVP RETIN ;TIMNE OUT ERRCR. RETURN S
’
POLLIN: IA PRIAZ1 sREAL STATUS e
XRA E ;TEST FCR OP-COMPLETE RN
Jz RETIN ;1F OP-COMPLETE JMP RETIN e
DCX I ;TECREMENT TIME CUT LCCP iy
XRA A
ORA I 5TEST T REG FCR @ —=
ORA B ;TEST E REG FCR © Lo
INZ POLLIN ;IF NOT @ CONTINUE POLLING S
1 -
RETIN: PCP 3 ;TA2LE ADDRESS GOES TO B
POP I SRESTORE D E REGS
IN PRTACL iREAD STATUS RIG
RET .
LS 1 o
ENT -
-
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10.

11.

12.

13.

Snider, M., NSC888 _Self-Contained NSC8@@ Evaluation

System,M. S. Thesis, Naval Postgraduate School,
Monterey, California, December 1984.

NASA, Gei Away Jpeclial_CGAS) 9Small _Self-Contained
Payloads Experimenter_Handbook, Goddard Space Flight
Center Special Payloads Division, July 1984.

National Semiconductor Corporation, NSC89Q_High-=

Clara, California, pp. 1 - 27, July 1983.

Timer, Santa Clara, California, pp. 1| - 17, February
1984.

Intel Corporation, BPK_72 Bubble Memory_ Prototype Kit
User’s_Manual, Santa Clara, California, pp. 1-1 - 8-
12, June 1983.

National Semiconductor Corporation, ADC9816_Sipgle
Chip_Acguisition_System, Santa Clara, California, pp.
2-29 - 2-38, 1981.

Intersil Corporation, 1M6402_ Universal_ Asynchronous
Receiver_Trapsmitter_(CUART), Cupertino, California,

pp. 2-3 - 2-10, 1983.

Intersil Corporation, IM6402 Universal Asynchronous

Receiver Trapsmitter CUART), Cupertino, California,
p. 2-8, 1983,

National Semiconductor Corporation, MMS581867A

Microprocessor Real Time_Clock, Santa Clara,
California, pp. 3~11 - 3-18.

National Semiconductor Corporation, MM58167A

Microprocessor Real Time_Clogk, Santa Clara,
California, p. 3-12.

Hitachi Corporation, HM6116_2048-Word X_8-Bit_High
Speed_Static CMOS _RAM, pp. 66 - 69.

Intel Corporation, 2732A_32K_C4K_X_8)_UV_Erasable
PRQM, Santa Clara, California, pp. 4-12 - 4-18, 1982,

Intel Corporation, BPK_72_Bubble Memory Prototype Kit
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14.

15.

16.

17.

User’s_Manual, Santa Clara, California, p. 5-13, June

2 AR 21 T L TN AT 1 A N

User’s_Manual, Santa Clara, California, pp. 5-1 - 5-

36, June 1983.

Dercole, T. and Frey, T., Solid-State_Digital

Recorder, ECE-3800 Project, Naval Postgraduate School,

Monterey, California, December 1984.

User’s_Manual, Santa Clara, California, p. 5-32, June

User’s_Manual, Santa Clara, California, p. 5-34, June
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